
‘A^aALa 


Source 

(Text) 



Compiler j Executablg 


Jj jajJ sb! jc. ajbc. jA compiler ^jiall- 
Jl source file L AiL t_>jj£a <j-aj 
J] J executable sjj-AaJI Jc. Jnll Jla 

<jjkl AiL i_Jjj£-a 


^ • f ^ 

LaAic. JlaJI jA La£ JaflS AjIjJ (jiaaJ Aa>.L^J jjj liiStlj (_fal£ ^Skja L_u£j jV J L., >. '< Uli. - 

I J^l jx Cjljbc. ^Jc. j >■ sb AiikJ jjSLi ^jujj ^c-aLjj <uj 


Circle x, y, c 
Rectangle xl, yl, x2, y2 


L_flloll lAA j-iuilj q *a A*\jU ^ tia-j lijli ^c-aljjl Ia^j A-ajojJ La L ala j! Ajjj LaAic. liA 

jl <. j 7 >j Vj J a*jjL ac. jiLa rectangle jl J ajLLu ac circle a>J£ Jc. jl <—ia 


IajI 




Ji J J^ CiJ^ 


Jlfli IV^atjj (JjS j-a ^uj] Jl£ L &Lall lAA jl j-a j£tjj Jia. sAA jAC IJll (jiaAll A_iLaju SaIc 

AjIc. ^gJaLk 2^ ‘‘‘.' (JjAxjIIj ^ta Aa A jAV I a ^.1 jl ji 1 . j L»» ^ AjV Ijla. <\ i iLJI jjj 

£ & & ft 

j executable a2jj Al^j-a jjAj a .a-iLciSI Aijj ajI J LJ ^bLull ^jodLall ^ L»» < ;aU^ 

^akjLall 
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# 

l£Uajl ^_llaJjaU ^gjak lg_J j|jj-all (j-a AaV (JaJ^aSI ^j-a AjJjLSI lilliA 

LaJJJ ^Skjiiall (j-a j. » ^ Jalaa«-a]l A.'u.lj La ILAj <■ ^ ‘«aj i kla (j-a 

^JaJaik-aJI ^^9 (Jjj^aiullj oJjikj-a ^)JC. ( _ s ^3 lillLS Aj-a ojjikLM (> _^3 (Jjj^alilSlj ^.'.ig.') 


^ 3 Vii<a CllLajJj! (JgLlmll .iC-IjS 


Jji^j 6 




^ Token ^ (-W^j JLi^) 4 nu'v.a o j'N> 1 i - 3 ^® 



j>®j]l JjAa. 


A-ajJlill L. (JIaJI jA La£ AajLaJl (_)^J><a^ >.■» j ^ .a.i^j ^»jkj laJjudill] ljljA .1 ;dU^ 

U£ Lul (_jl tdllj^La tJLi-a (JLaa-LaiL/ V token cJfL) (^aLk, jjj ^^Ic. (-lul£ 

AjuJa jj S^joiLLa lg_) (^aLkil token -liljJj ALuLolSI ^gic. if ■Aa 1£ A^-'j jj ki» >- Vi 

I JjjLaill Jalaik-all ^^3 eAjikj-a]l ^Skjialt J^lj-a -LajoU-aj (jLH 

• m £i)A Jla-a 

token jA A^.lj (jjl£ 1 g ~1.a JS.uul l*-a j-l*^a*a]l i_flla (j-a aAc. ( *-lx^lu ^»jkj— 

qa uj^ 0 struct —i (J-^j sac. j! jLSklj ^jj^j Aaii AliiLaba o^)La jA :Token— 

: LaA 

if j integer jj£j j' Jla token £jj aa^jj :^>J! • 
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220 Ji* Ujj^j JU. ^ token J1 a*jS :^ual! • 

a 

... j ) j ++ t*ISj£ j + j for <illl£ j token <^a if A*i£ Sliaa— 

? • f 

1 a A ‘ a * Aij*-all Ailll tokens Aajllxa qa -i£l2ll_) ^.jkj— 

j n«"iS ^jla. -iC-Sjii - 111 jJ qa 0 JJJ ^2! aj^_k!ull jj ^ Jla. ^Jj Ajju 2 (J2b2 o^a .tl AjC- ^tJijjj— 

JcIjiSI s-^J Aj-^alaJI AilS AVn 

JaiaaSi 

IgJ o,Vun<aSI dlV^aJLaSIj jjjI*2SI q±i JaLaj^l JjjlIaJ qa j£t2lj IjA j£j— 

^ f. 

\ fli‘ a^ e2ljx-a JJC- (JjVi.a JLaxilujI ^a^C- (j-a j£tij c2SI£j— 

symbol table j>ajll Jj^ ^ LS -^j J 14 1 Akj-al! oIa J*Ujj- 
pbVl lilSIj l$-2c. reference -j s>a22l oIa S;j£all *22^' Jl^iLab liA — 

• ‘c>Ja (j-a A-ajaSI (J-^j c_jl ua ^)3_jj U2 



# f 

liluj <_Jjjuda-all $.l.laJI 0jlj j&, ^jlaiS (_£jLoi2 I lil-a.a. dna. jjj£iLaSI <2.1aJI I2jia.l Ujl Jaa.V 

JuJla. (j-a AjLaiaJ ^^C-b V 

'A AaV a 


U/ 
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g. f # f 

(J^.1 (j-a (jjjuaaiill IaA (J!la AiLial IjJjl Ijj Vj) L)_^ Aal) IgjV Al^j-all aAg-J Cjjj.uiA<a]' ^)-aj V aJllc. 

# ; # c 

(1.1a. j-ilj IaAj Ijl^. jI>ALU jij^ilall Aiillll jL^aikl 

-aliid A*-b text (_>aj jt assembly jjfL as ^aIIj ^l^ill jj-ajdl aiIjj La— 

^2kjiall jA^a-a Ail (jC. 

M-ft-* 4 

IgJ L-aLuAt ^a^C- L- 1 Jj> aJ (JjA^JI ^gA lA-ijjj al ^glllj (_ 5 jlg.il 1 jj-ajjll (J^b-all (.J j lilljA 

exe Lg^nl' L_flLa]! ^LLIj assembly ajL£ caLIL l$_iV CjL^jiall jjla 

Interpreter >*Ld' 

A la-lmdl djliLLiV I (_yax .J £-a (J^b-all *•-dc.L ^Skjiall £-a jjjLaII iilj-LaJ— 
A/Lllii (J£ All) AjL/ Code AlljJ ■‘d^j-a dd nmVi ^xuLall Qj£j V t—illil! ^gi— 

(PHP ji HTML Ail J^V) IglU&l 

(jjj (JjjidL IAs>. Ajj-a (jj£j Ailll (jV Jjj-a^l (JjAa>. dlV^^-Lall JaLajl Aa*jJ V Idle. Ail La£— 
Ail ^)£Aj^ i_fljj*j (jjAj ib^La CllV^iall ^lAaJi-md ^ajoj Igjl La£ t^aL/l jiadal !dj daLuLH 

(PHP 

# £ 

Jjis A^jJ^ ^)jwuLall ^glV-i (djlij Idle. A^jJ V (ellVj^iall laLajl JjaLj ( a "^ C ') Llld C-IluaJ— 

(la, aS All JlkLI ^j-a 


jA^a 


-XaaAll Aid 


assembler 


All Ail , 


; 4 jA.ijIj "i^laj 

: assembly Ldil 

assembler La LjL ^jIj- 


H) 


2119292 


a 

JiLull l ala ajIaj ^gi header LjaI jjfL La Idle.— 

— ■& 
itBSI 


T-^ulJ-qJ 1 


FUl 
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i—iLallj A_k^alia, CllLajla-aj Stack jl l.lgJ A6 j£!a 5! ^»A.a> JiLa CXC 

.. ^aV'\l 

: formatted S+ia-# 4 jKjA dilj <—>t*J 

5 Jj!) Ar-liil ^gic. L_iaj --■^.^1 (J£joi jiaxw (J£ ^ liii] c ija> fortran 4Jd 

J uM LS^' C ic. iSj ^-j ^jla uj^ (jjj-iljaJl dulill jlajoiSI ^ 5j Jlaj bytes 

(iLuicii] c_aj^o 70 tu^J ^ comment jc. ojLc. jkuJl 11a 

^c-ajj-all d A Jjx j^all (j-a <■ - in in A l£.i^. li 6 1A dul£j— 

unstructured 41%* 

blOCk 4-1&1I fj^ia Jajj V llA — 

fortran j basic <Ji«- 

: structured 4l%* 

SCOpe ^_^-3-aj aJj£ 11 ^aj^La tjj.il j^.jj Ija — 

o^a Jib djVjj^ - ® V (cjlflk) a!j£ ljj.il ciua. pascal j c ^^3 La£— 

dlllkJt 

; 4 _ajlll Aadajfr dilil 

L, ax^xll ^ajg q«a lij.ll .IsljJ liA — 

C++ Ail J* LaS- 

^^jjjj-a ( _glc.^ L+ a- ^ (_glc- dlLa.ma SAxJ Compiler ^a^iall ^ajSJ A_a.jjll A ui-ijC. djlilll ^gi— 

class J£j a^UJI methods j classes -S' Jc. <-_flj*illj ^jL ^-ail! JjVI jj^all ^ia 
a^ ^IUj gdftll j^l t I^jI cjUjLuII Aau-aj V 5 (class structure^') 

-1 ClaSS 1 d-lilLml jl Aijjju JiS claSS -11 ^al.lijLml Al^ula (j-a ^saiajj Alstaj La-a dlLallxIil! 

class 1 -1 class2 ^1-iiUj class2 

:virtual machine 4**Aj 41' ^ 
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(^Ic- .NET cjlii) C# jl java Ail Jia- 
iijj aiV byte code L gia, ^tiaj Ail^jll ^ Uillj compiler cJ^]>a Ua- 

f 5 s 

Ja'aft AjIc-JlLuiIj ^jkj Ijjli Aiiti ‘j-a Cjj lij ^gja. Alijai ^jj LaJ liA ■Ictiia.j liil La£ IjjS 

safe code j garbage collection 

lillil Cli3_^]l ^-uiil lij (Ja« aflll AjI^j i J IgJ jjJaaj (jl (J-alj ^jiSlj— 

;Cl)Laa.jldl .llljl Cliljjl 

Igj ^ajiall (.-ii£.j i .1 ^gllll AiiSI (jjij CliLaajiiall e.Luij'l/ CllljCVI j-a -li-laJI lil.ll— 

Java 

compiler jc. SjLc. AiV ^Vl li$j jillj (java compiler compiler) javacc Uid- 

java AiL compiler hIjj 


compiler ^ jjiaij -java £>dl cJiLj .cc 4iaX Ja.^11 c_ila jj£i- 


:C 


i_jjj£-a ciiljjLa Jla-a JJ* jill (MS-DOS ^c- flex) UNIX ^Uaj LS lc. Lex — 

(classes Jc. jjiai V Ail jl C++ oJJ) C AiL 

L_ala j-a ilia. token AS £.Ic.j2xiI (_J£ .lie. ^gJaau (_£.illj yyleX jlllill Jc. ^jlill i_alall jjia-J — 

^gltill (. Ic- JjjujV I ^)lalijjj (_Ja..lJI 

Jc. bison) UNIX ^Uij Jc- (yet another compiler compiler) Yacc Upl- 

C Aili t__ijj£^a j^C-IjS Jla-a oljj jill (MS-DOS 

: Lexical Analyzer 

Idll-jiall (Jla a Igj j (jjll (JLaC-Vl ^aAl 
tokens CjlijLa ^gi Ja.^11 cjjla^ £_i*aj . 1 

keywords ej>aa-dl Ciild£]l i_ajja. ( *^aai La£ ^lla integer - 111 J ^jll dilila. cilia. 
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type 




Int number 


327 



value 




i 

If statment 




string (final int) integer £>dl j* cj>lj ja Ua token type iijLd\ jl- 

i-fljxj jl Uj£aj U£ for J If ^ AiaJ jj£jj statement -k*i jj token t-ajxj jl UA^j- 
token <3 jIu>JI JIlall la£ statement ^Ipl j* £jj <J£j token 

if _J 


CibjLall aac. ejljj ^uuaj (statement j* J£1 token bLykl' jl— 

(J£ statement ^-yj j-a -^till lc~n^> .He. j.n52l liAc. ^>ajj a j£lij 

o^C-ts t_]£ j-a 


:Jlla 


: jiilUJ! tiK (else jj.ii) A-kiuull If Sic-ta c-iiij] 


<if> if_statement <exp> then_kw <statement> 


:If -i ^U. token 


: statement token ^-by*^ 


4^-jj j* (jbciil action ^aj ^ <statement> 4-u, J if_statement jl 

V 4 if ^ Ja 

(tab J space j A&jli I) i^\ cjjU^lIj comments cjliikill j* 0 ^KMI .X 

lfl*j V lilljj Ailll lc.ljil (Jja^ajll Jj3 aI^jaII olA ^3 e jlyll ijbk-all olA j-a ^uaf^lill 

Jic-ljill 


<if> -> if_statement('' I '\n') ... 
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IaAj oAc-liiSI (jjaaj jj-ajJa <j£LaVI (j-a AjAsJI ^3 oAjI^]I t-_AilxAaV (jJJla j>A* (jj^jjuj Ijjl Jra^V 

^ f f ^ 

IAjI A a^ ^)JC. * AC-la] I (J» a^jui Ajl La£ lAa. iiljj-a 
!aj! eAjlj]] i—Sjl -s <a]l (_gJJ V Ac-ljall Jl^a lajuijVI (j-a QjfLj AHa! 

token JSJ oAa&V'j jLjJj\ ^liji S)Ia] .V 

f \ 1 l Ajc. Aj<aaJlj ^JajaJ] ^&3j eAlc-j (_J^I (j-a AHAj 

AjSl^J a_aj*j V (jlaSkSM (j-a ^3 lijV oA-aC-Vlj jla. "V' ^l£jl Jrai.^.] Jjj lajAax Qj£j \-lj\ 

IoIjIulaII oAC-lij bHa*. ^^3 bl!la3 Ajl£*a J)jloC) Aau V) Usukil 

<assignment> id assign <exp> semicolon {action} 

llaaJI ^AAj toljLubdl ^^Sjia (jjj JaLaj^M JjjUaL) ^ UjA] (jjSLi C* ip. action (_g3 ' Its laj AS 
AIIaS toIjLoi^l ^j-a ,1 ojjAc- Aju A3 A_lajiia]l 4L^lall A*j (_^l action ^^3 A_2 jIo£ Ailxa 

^Aj-aC-j ^)b ■ } token (jl£-a llilc. t _ ia>jpJ 4jli 

Aj-aC. ^3jj jJojuo ^a3j token £-a (jj^ <■. '\&Vt L? lc. AIIa] 

« £ 

V pascal a^A ciAiill ^)j*djI^Lall . £ 

i_a_^bU 4-ujl jutaJi gjliill ^3 iAUaI AjllAa p^gAu Aa»jj 

■y»/g ^/Ha 

id j If V] lsJ^ V kill compiler J gbbjiall Jia-aJI Jiaj ^aII CilajjjVI ^jjJ 

i /"~'\ f separator 

■\3>-\3>-^ q if J 

j jjc- ^)Al <Aa^>o»-« 

separator 




:t_ii£j (jl AlaLudJJ Ijjl^alj (jl£ tAc-Ijill t_jLui^. ^^ic. CllLajJjV! Ajflxj 1 =L 2 k.V 


( 1 ) 
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i_Sj^ 

qoj—qi' 




separator 



i_ 


If jib (_Ja^ CllLajJjVl lilA (_)jS j-a 2j-2l tokdl j-a \y* a£tjj (_£.}£• Ijjjll Jl^-aJI (_Jxpj c2]2ij 

(... ,1 id f i 

:<Jllt 


^ j's x^all J.1*JI ^Ic. (_£j]l Cl.iLajJjVl p ill'll 

AjjjoiC. ^lljl 4 _iLj (_£_> 2 c. — jl + -J Iajj jla. j.< a]l JJxJI jl 

2* 10 2E3 (Jj-a 4 _ia 1*JI AiLu.allJ AjjP^aSI Clcc-Vl ^kj^La IjJjl lij i_< 11^1 (jl l')'l£waJ La£ 

(... j + jt) J enter j tab j £•!>) separator j gr^l cc*il U£ 
sajU Xi :ul) jj£j j ja>V aj'hjj token J ajI$j separator j_& : 4 A»X> 


+ 



Uak ^gJI jCjj dlLajjjS/l (_y3 S^ja^a ^)JC. AJla. (J£ jl 


^alaiiaJI j.U».j]l Ajti£ lluSuaJ Ajli lilSj] ^aJall 2 l J 11 x 21 jSl£j ^.g.'lball 1^.11 djLajJjV I jjii ^als-j La£ 

i^jjLoJI eiiLajjj^U jil£-2l ^121 

Id_number: (+ I -1 s ) (0 I II 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9) + 
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^liL ^aJ Clll.jLa]l ^A ^jLM A2aj-a]l jl Ijlflj ^ 2 kjJ-all J^.lj-a AiLLuill ajoJal~s *ill ^3 lj33c.— 

(_$3c.lja]l Jl^-all 

^A dll-jiall Jia-a] A3 jLuj Ai^ys Ijjj] jjSLi C++ AiJ ^^3 La£ jLia-SM j__uaa_l ^3 jSLlj— 
jl l_ij£aj Silas # ijUiVL \i£ jLJ)!^ JLajj ^Ij preprocessor 

#define PI 3.14 
#include <iostream> 

c_kLJI £jAj fJ L preprocessor jV jlauiV' oL^j a£ 1& J ^ajiall jjSj V Ua— 

f & f. 

c_kL ^ preprocessor j! U£ Ul PI cij^ V ^jldl jla A Sil 3.14 j PI J'aMj 

ojL^l j iostream 

Jj^.21 aa.'j 3 i kl« (_J£ jl ^ I ^include axj I eiiULdl a Aac. ^jj 

j-a jAii]l u-ibaij jl£ La ILaj) ...ILiAj ajs #inlucde Cjlildl J£ ^iaj aJI 

(file3 -1 include j file2 ^jiLs file2 J include j filel La^ JSLLdl 

i_Sjju jl lillc. a_,.ia..j Ajjtj£j ^ajkj jl (_}i3j ^dailla CllLajJjl jc. "jUc. alxj La£ Clll^jLall (Jla.a jl — 

(4j a^UJI tokens <_£') Ailll oLa CihjLa 

2119292 F , , JS^' 
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Java aaL tokens 

- V *y -v djl -aK\l 



tSltol tAjl^SI j' <_s' (plusplus)++ token IjjJj (plus)+ ja token Upl j' 

H—h AlU. ^ ^-iLiluU A*-a AljliaJI token £-a AfijUaJI djl.^)LaJI (Jla.<a (jli 

plus token ^ plus token LS ^>u jl V plusplus ja dJj token LS ^u J 

:Jtl* 

int_number j id ^ uj*! djtajL# Jk-a ajI£ 

iaSa 2 tokens Uj^l Ua 


FUT 


J-Lftjl 
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uxoJI 
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luJ 


i^^aLkJI djLajJjVI (_glc. (Jjj^aJklS Ix-a /jjjLajJjL/ I ^t-aAj ^ajLj l-li. LS^" tokdl CllLajJjl 

CllljjLall (Jla. <qj 



a,b,c,...,z, A,B,C,...,Z, _ ,0,1,..9 

token LS ic. Ajlgill ^ string (cjLjjjjLM ejVL*. <j>» aIL*.) Sjlak ^ 

JS 

l&jV o.iJjj ‘" 

a^L s>a alkl ^LaS (push back) separator Jl oA^\ Jl ejVlaJI J ^tiaj j 3 :4£*X» 
<jjlj 'o^a c jj alijjij (jl ^ju 'j-a ajjIc-V a^I^-i jjj£j + j& separator jl£ jl La£ 

sjAU. ajjI^A£ Ujja.j JU. J unget ^bvAib Lai LLac. lillj .aj A^aLk token *LLuIj Jjj 

^a^jiall Aj-^aLk (jja A_LxuIjJ jjC. jl t ,^a^all I LLa s«.[)Sl -uljkiuol Jj <j jl stream J 

L-fl^aJI ILa Ajl*-aj L aid I (j-a Jl^JI L-fl^lS jjjLoiil S^a ^9 Jalija.'Vb j jjl (J!La 

look ahead JaSs ^»LaLU ojJkj ^a l_ alall J JLaJI i_Jaj^JI jLuc.1 Laiu ^gjjjLj e_sj^£ 

(jjjJa j)C. V JjIIj CjLLajJjV' ^t-a^J (jl Lajlj (JjJaSJ^ la-a jjJfljLuJI jjjllLajJjVI 0<aAil jVlj 

(jjfLj Juc. idbjVl j-a jjj^II (. -nun ^Jl 8 Cl)LLa*aj g. LIli] i_ njuU La a Ac. IgiV oJ>A> \_a». d)LijJ>l 

(i_Luobdl Jr- CjLaJjVl 
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+ 


Int_number 



Jla-* ^1 CjUjJjV' I^A Jipbl jJ%>la 


AijSj-^a-all 1 nU'ij JjJiaJI AlLaJI LaA AijSj-^a-all l.l*j (jj^-J LaA tAjjljj ^ 3ja. ^-i ^ ^ 

£ ^ £ 

^CjLojJjV^ ^ (JlaiiVI £jLil LaLaJ AjLouj Ii&j) Lgjlj JiHj (j! i..ia.J ^Jj\\ oAjAaJI AlLaJI 

?.lc- .ilaJj (j-a Jjiaollj o^A J i* ip- lAlla. (_]£j Aj-^aLa. Ajjl^a.) eLuajj ^ 

^l^jlj t—llAlill t_ia_j ^^ill A! La-11 ALLLall bijl^a.VI (_£l) Ajjujlj-all 


tI ASJjia ^lAaiuolj CllljjLa Jla^a (jC. Vlj-a L_u£jl 

class Token 


{ 

private int type; 
private String value; 
static final int ID=i; 
static final int INT_NUM= 2 ; 
static final int ERROR=3; 
static final int EOF= 4 ; 

Token (){/*Some needed code*/} 

void set() {/*Set the fields with values*/} 

void get Q{/*Get values form the fields*/} 

} 
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public class lexical 

{ 

private String t; //To join what we have read until now 
private String filename; //Usually we need this field 
public lexical(String fn) 

{ 

/"Code to handle: open the file in a stream*/ 
filename=fn; 

} 

private char get() 

{ 

/*Code to return the next character of the file*/ 

} 

private void unget() 

{ 

/*Code to return the last character to the stream*/ 

} 

public Token nextToken() //Return the next token to the parser 

{ 

return qo(); 

} 

private Token qo() 

{ 

char c=get(); 
t=t+c; 

if((c==’+’)| |(c==’-')) return qiQ; 
if((c>='o')&&(c<='9')) return q 2 (); 

if (/*c is an upper case or lower case or _ */) return q3(); 
return new Token(Token.ERROR,""); 

} 
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private Token q3() 

{ 

char c=get(); 

if (/*c is an upper case or lower case or _ or number*/) 

{ 

t=t+c; 

return q3(); 

} 

if(isSeparator(c)) 

{ 

unget(); 
return qid(); 

} 

return new Token(Token.ERROR,""); 

} 

private Token qid() 

{ 

return new Token(Token.ID,t); 

} 

} 

■A_li 1 (J!la e.LliujVI (jiastJ lj£jJ La£ i Ig JjjLaill ^ j "'•» J AjIu£j lx«3 Jial 

(jc. ^^3 IjjjS V CjUIaSI j x-a 

Jl J dl'A class lexical <> object *Uijt> parser jcIjSSI ^jiL s^lc. < 
ja Token j o-aUJI constructor public t> lexical j 0 uaUJI constructor 

Ai« objects (jil! ja lex jV private <> 

class lexical parser lJlUI token Upl jj!? U Ulc. < 


j o-olaJI constructor *1^11^ public gjj t> ^ ^1 s^jll c^UI^Vl j' < 
tJlli c> J&V Trlk^j V parser jV nextToken JJ Lexical 
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JU J CjUjjjV' qa uVUJ' ^ iaia pji token £y <> object *l£j) ci -J^V < 



_) CllLajJjV 1 lift JjjaaJi Aj& $. UaivL dlLajjjV I ^ S Jj^.j-a ^)jill dV laJI <■“llili i_aj£ -lla.^ ^ 

class lexical 
:parser cJi^' 

AjAc.ljall Aiaklill (j-a c_)jj£-all ^paljjill A.a.j^ (j-a (_£Ac.ljall (_Jla^all (JjAaJij— 
JjLiijJt ^jla. >^C.jjS (JLajtJjojlj Aijilll ^c-aljjj]! Ac.ljii (jc. ^jjju c'-Ua..— 

Vjgliuill ^jla. ■^ c 'b^ (Jaj A^-ajjll Ail AC-Ijii (jc. ^JatLa CllLajJjl ^Aald V liLal 

:UyJI 


Ijlj Aj^lia yp oj£!a ^gJI lgla.La. 1 _HuaJ dLajJjLl Ig AC- m*i\l (j^-a-l V Aa-ajjll Ail 

A*J aIa*J ^tia_j (_^a11 y\jst$\ JjjUaj .Aa.1 lli£-aJ o^IaII eAA ^glc. (Jlla£j t^^Jaliall dLajJjS/lj *■"I9j?i 
Jjjjla ^jc. V] o^Ia cdLaj V AjV ^a-lalba dLajJjl ^'.Aalmlj iAHaj ^Liall 1 n^<a 1 Vj AlaJAlall ^jjoljaVl 

yp dVla. AAc.j AjgVia yp oj£Ia 1 ^llaijao Lijl La-a c^jjjia-a ^^glu Alla. (J£j AjVI^. 

£ ^ 

CllLajJjVI ^Aaljm' Ij&aJ La£ . LiLaC. (j^-a-a yp IaAj A^-ajjll Ail (J-jlaA £. 1 lal - a j ^lia. ^^glia 

jjjd IbAl jl£ I A] A^all. A^-ajJ' Ail ^ lgljt& ,j£a-all expression jJjUll! AjAjC. L-Ujuaj fallal! 

AlalA ^3 AjjjaJI jajlxlll ^j-a AjAaJI ^Ic. (_£jia_jj ai .>1 

) ^LluJI IcI^aII ^IaILLuj! (JSLula (jlaaj 


: ambiguity uks^*j) 

jjjia-iao^a (jiialia-a (jiifljjlaj ALa.ail (jjoij (J-ilaj (_^l 

a 

y^y ac- (jjAj (jLjjual! TTjl^ Ac-lj3 AjIj£ LbjIa llilc- c-.ia.jlj cdlil 
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:Jtl* 

<exp> -> <exp> + <exp> 

I <exp> * <exp> 

I id 

,_gjljau]l l^2jia (Jjoiij a^ic-li Uj-ll jV j-a \jaC- Jc. AajLuJ! jl 

; LaA ^ j~^ jui IgJ U^Slj] 3 + b * C ajLud! J-Aaj U1jl^. jJi 


<exp> 

/ \ 

<exp> + <exp> 


id <exp> * <exp> 


id 


id 


.—IjjJai] 4_J^]jl 


<exp> 

/ \ 

<exp> * <exp> 


<exp> + <exp> 


id 


id 


id 


A] 4 _Jj]jl 


4- ^ .i ^ . ^i l jl Jjij jl L? I& (!! J^) jpJj ^3-d j' j£*J Iaa 

4 l .1-v II CllLlLajdl I jj-lJ 

I u n5Lt°l 4-uljuaaJ' CllLiLajdl Cllljjljl j-a •l^Ludj (jl AjV (_^aj-aiJI li& J^Jls 

<exp> -> <T> + <exp> 

I <T> 

<T> <F> * <T> 

I <F> 

<F> -> id 


FUT 


J-Lftjl 

ureI 


uxoJI 
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:LjUz±%) 

j ^3 (J^Louj l. in>n V Ikj <X> -jjjijj (jiAxi <exp> J Lik (jl Jak^ ^ 

i>3A ^j-a ejliiljuj^U *La3kiuba]l dilj-iVI 

^Ic.1 (jjjiiui/a ^gj\j ^aaJI (jl Jak^ t£-akl ^^ic- kills (jjjkill t_k ^3 ^ 

(j-a tillkj (J S^auui L^° ■l^'V) ^JjljSd ok Jj-lklll (j-a 

£ £ £ ^ 

"o^a_uj (j-a ^gjjl (_gjil>.>L<a ^_g3 oJj^Lj-a Clijl£ Lal£ ^^glc-l dill 4-liljudkl A iLanII dlik Lal£ llj ^ 

4-ul juaaJI dllikaJI ^j-a Ikjk. (_)i 3 3flli ^Jk (J-ikill 

dlLiLaC. ^glc. (_£jikj ^ (_£.HI j m*i\l <kuLa <_glk <CXp> 3c.lj3 (j-a e3c.U£ <X> lia-dsj ^ 

^Luoa. JJJ*J 3*J v-Jjds dlLiLaC- Jc. Aj£1j Ujlgj 


'. jJAxlill kllall (Jjklll oja_d f ja L^ (j^ kikaL >■*•«' Alikll (_^aj-aAil (j-a kllkJI 3c.ljflll ^>l,3kiju]l 3*_i 

a + b * c 


<exp> 


/ 

\ 

<T> + 

<exp> 

<F> 

<X> 


/ \ 

id <F> 

* <x> 

id 

<F> 

id 


Jk.* lex dibjik! Jk* j-a j!i£l ^Ikk parser 3c.ljall Jk* s^lc. :4Ja*5La 

# # ; f 

kl kla^ Ailil (J£ ^gi Jja^j-a ^)JC. J)-aj koks llj (JkJI jib La£ Ldail «.Lkk ^kt_i 33 dll-l^Lall 
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^jojI (jx-Aa Ajj j)l j)£-aJ V A_ji La£ A-ul A iLaC. (JiLaJ V ^ AjI i__Sjj«-a ^jjc. % j-1^ P3-SC3.1 

( Clulj jl (JjjaJLa 

A-aikjJJ £jtjjj lJaa.]l ILa Jjikj ^aAc. CODipilcr j)li La llaa. (_L^aa-j LaAic. SaIc. .*4 

^ ^ , — 1*1 \\ lAA (jl (jAajiijj I L»A II Ia^J aLsuI (JjIa_) Aa! (_^lj (_gja>VI f I L»ANf I ^Jax-iS i_kLaJI 

Cllllj A -s j-s . <nl' ~ij |jj Aia.j I Itn (jc. ^ciL g-l JtsL/I (j-a jj'i^ll La-a (<La 2 kjj]lj £jtij ^aJ Aj 2 kj-a 

I Iaa-11 lg >^aJ (jjfLj (^illj Ln^oU "A_j£a" CODipilcrS Ajaj L>° frL3aa.VI J>AA ^j-a~s 

(java j oaLkJI compiler JU ja La£ cjVLaJI <> ^ l*aa^ 


Wiftfit A attfel/ai 

® -r 

2006 

lectur es_team @hotmail. com 
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VW***\#*vt 


(E^sachaJI JJLmJI 


: recursive-descent JjVt £jill 

(Jiuj^/U (j-a S^-joJI eljj A lUc. ^aJJ — 

AJLa. JS1 Aj3 q «aj> si Aj US Ul JL^-UU Ajjjoi lUbj 4 £_jU ^jl^j ^jac. Jyzj (JSJ «a j. ^i Aj — 

l^j (j-ali. £jU CllLajJj^M dlVta. (j-a 

:JH* 


c_kIUt ^1 UkU constructor *i!Lj class lexical ^LUL 4JLLUI ^ tu£- 

nextToken 4Ul>=U Jc. lsJ^j 

expressions j^Uull ^.icIjS Jl^U Jlia jVl ^USUl- 

<exp> -> <T> + <exp>$ 

I <T>$ 

<T> -> <F> * <T> 

I <F> 

<F> -> id 

I num 
I [<exp>] 


• i "i/jivV ^ 
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^ <j liaS La jAj (jisjxiil <\\j\ oxj expression jjmJI .^'jS ^ bhlkl jtljall j] < 

AihLuLl ojjJakkl 

# f 

L_ak' ^ LaLaJ La£ lAA^j (jl L_Laj terminal Iblg-j jj-aj Sj)-»>»<al' jj-aJI (j] ^ 

JjJafll Ig iL>» j La-a <CXp> fi.lc.la] Jj-aC. ^ ^ ( *-SJ <F> o^C.li ^3 aJjaLjkl (jjojjSVI (j] ^ 

Jj^aJI ^>jg 9 «aj £_uoj!iil <fljLaJI SjaJak-Jl (_jUaLM <_gic. IjJjI 

ciibjLLS Jka token <jc- ajlc. eof Jib <exp> .^IjS bjlgj $ j! < 

i_akll 5. Iglijl ^Ic. JcIjSSI Jk-a ^glk. 

^ j <F> ^ U^sJ jl jkaJ V Uit J\ <eXp> J kkk! .icIjaJI klgj V] V $ j] < 

jk ,jlk ij\ ^ J <T> 

tllkl (j-kj IgJ (jjj^c-ls JJ U£joLa (jx jnKV! jiJ JIjolj <T> a Jic-li c - bill 

<T> -> <F> <T ' > 

<T ' 8 

I * <T> 


:<exp> £* J*ij klkj 


<exp> -> <T> <T " > 

<T " 8 

I+ <exp> 

public class parser{ 
private lexical lex; 
public parser(String f) 
{ 

lex=new lexical (f); 

} 
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Jkkl Ajlk kkalj ^ \ k k Ci^\j 



FUT 


J-Lftjl 

ureI 


uakl 
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public boolean parser() 

{ 

return exp(); 

} 

public boolean F(){ 

Token t=lex.nextToken(); 

switch(t.type){ 

case Token.ID: 

case Token.INT_NUM: 

return true; 
case Token.LPAR: 
if(exp()) 

{ 

if (lex.nextToken().type == Token.RPAR) 
return true; 
else 

return false; // There is no closing parenthesis 

} 

else 

return false; 

} 

return false; 




private boolean T() 

{ 
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if(F()) 

{ 

Token t=lex.nextToken(); 
if(t.type! =Token.STAR) 

{ 

lex.ungetToken(); 
return true; 

} 

if(T()) 

return true; 
else 

return false; 

} 

return false; 

} 

private boolean exp() 
r 

if(T()) 

{ 

Token t=lex.nextToken(); 
if(t.type!=Token.PLUS) 

{ 

lex.ungetToken(); 
return true; 

} 

if(exp()) 
return true; 
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else 

return false; 

} 

return false; 

} 

} 

•4 Us. V a 


t_aidl J] J*l£ token SiltL ^j35 ^dllj ungetToken ^ -^V 

a.Vq» .a (jj£j i£! l <a\xiU Ajilt j (jli < ajL^a ait (j-a t-Jalj-a ailt (jjSLi ii token (jl lajj tiJia^ (j-a 

look ) <- <L\I Q* a^j uj ^JUJI token -11 SiltL nextToken ajjI>?>) ^jSj la ailt till] Ilia 

plc-^Lualj token -SI ^ nextToken J pindl eltiCLaVl j J\ (ahead 

nextToken *Ic.j£J Lsr L*j ^tllj ^Hl token JJ <-iL»ll jd> tdyaaj ^jSj <pll advanced 

token) ^Hl token -51 advanced ajSI^] i*j 

:Predictive parsing table 

t _ 1 ~n ; ( _ s lSI A_iStiSI aitHI ^A la t_fijai (jl (jl£-aJ A_LaAl/l (j-a Aji <ka.>l (JjjlaiSI (JHall (j-a I Vi^xi i — 

£jtill (j-a lalUajl AjC-jjjudj (jl t ^ill £jtill jA la) ?A_ll_:dl aitliill (j-a lallLajl lAiiuj (jl 

(V^' 

f f 

<*4 jjlLuJl lloiloiSI 4jj Hla <exp> J icIjS aiii& lijiS ,jl£ IIU— 

predictive parsing table Jd^dl Jji*. ^ij Jjia. Jc- Jjpa ait ^liadJ ja <JaJI- 

jjaj tilSlj (jVI Igiflaj (jl t j\; pill aitlaSlj (Jji^JI liA (JUi. (j-a ( 3 fuo-a alt Ijjil (jjfli <■'' 

^lill token 

)(Jj\Vi\l djiaa A_uj 

(*-jll jJt J>4j JiS jli (d*-j U^- 

(Jjjisdl ^9 Aj (_^alis». pajoi £jt3 (_]£] (jli (JjtLaSlj— 
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Jij^aJ! ^ aj (j-aU. j jac . token Jiia j— 

jiajuJI Ijlgj ^5^ U£ |jj (Jjjlaj (j! tJ-%; S^clSlI ^jJaj JjasJIj ^JajoJI ^Jalij Aic.— 

.aj-uJI (j-aUJI token 1 \ ja token J' (jl£j 

:Jli 4 


<exp> Jli® Jc. tdli 3^ 



+ 

* 

( 

) 

id 

num 

$ 

<exp> 








<T> 








<F> 



<F>->(<exp>) 


F^id 

F -> num 



(JjJlaJI (J-®^ £(J-aJ JaSS oj^dl ®^ (JjlaJI (jiaaj ^(J-®^ (jjjLaJI (JjJlaJI ^gk lia3 Jial — 

lakV AjoiSUIuj La ^gAj Iglnut-Li ^ jflj] Aj-saLk ■Aijl^a.V £TtiaL (Jj Aj^jAj CLlou] AjsIJI JijiLaJI ^jV 


Jlaj LbAic. (JjJaJI lift fr(J-aJ Ao^aLiJI A^^jjl^iJI Jjjjiaj ‘^ x i (JjAad^ Aijli CllljLk L.l 2 k.j lilj— 

** f 

(JjjLa ^C. ^yaj Jjjj (JjISj l^-jV (Urs. dij.1:^ a!£jLus Jjikj Clllc-b^ sift 

•A A-v V a 


predictive parsing j %>LJI 0 La 

:LL(1) 

<- ®j 3 ^ predictive parsing table JjLlL' Jj^ ^ V .aeljSlI 

j leftmost-derivation J left-to-right parse j LL(1) ^'j^ 1 c£ ls * s ^'j 

1-symbol look ahead 

(jj-aj]t ^gJj ^)l >n ill ^ya token LI Aliualui (_g-lc- IjA — 

U^' J1 jM' L> J L> cjr^ J\ J\~ 
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bj3^*-a (_£>La. j-a (epic.J jjujI ~"n ajj jCl! Jtill £jtill) Iglblai jl L_iaj ^ill o^C-lall Aajjt-aj ^ajkj Ua- 

Lia liaUI Aa.1j token J 


t jiu^al' j-a babal ^>l£l ^-ta-j^a q£ I k dua. LL(k) LL(1) ^a-lajtlLl (j! 1 n^bj La£ — 

JjbLaj "V j£lj ck token -1 llia^a-a .Iju Iglflaj jl i._iaj jjill eCc-lill ^Ic- i—ijjLij Cilia. 

Jl j-a k J Av,_ (_J£ (_s^ c ' i_gjlali] IaaIc. (Jj Vn > n J J Vill (JjHa. a-LaC-l jV £_ujIj (J 1 ^CaJ 

S 5 

1.1a. ^a. > >1 Jj-laJI (Jaiaj tokens 

K f ^ 

Jla. <S> J A_Jbll aCc-tsil Hjlkaj ^-jLiluU ^ia. -la.lj token j-a jJ^I A3j*-a] ^toaj blbaa 

: cc-ljill 

<s> -> ab<x> 

I ab<y> 

M iia 

A_La (Jaj ^Calluii (Jj 4Aial£ A_ajAj (_^j3 (jaiJ AiV i^lLj LL ^-jill j-a ■^ c 'lj^H l)^ A oclc. ^.lajjuU V 

JU&I Jia.bb laHiCj Aj3 tokens J' jJd. fJJ Stack -ld*J AiV LR ^jill j-a Utljill Jla~a 
_> lgJ£ lgJl.liLuib ^ajkj (<exp>) (Jbu£l "V-) IAjLoiJ ^glc. Ijaj-aJI j-ajlb lgJba£luili ^.jkj bs oCc-ts 
( *_ikLuj bj£Jj IajS LL ^-ibiLuaj V (^Jll Cc-ljill (jla*J Cjaj jA LR fijii *-. .LUi j c(<F> 

LR AJla. ^ lg-al.lallaJ 

:LL(1) -S Labbl aLjLI! 

JJC. j-aj Jfb (j^ala. jjb $.bJjb ♦♦♦ 

(J=ba sca.!j token) ajILI! token Jc. (Jjj^aaJb jibll lilA *♦* 

(_£j]l token -lb AibliuiVb lilbj Aic-liluai (jl L_Laj (_£.J]I jjbll (JilajJI JjCa. lT^-^ j-° ^ 

Ajic. Jj^aa. 

;A -ft-* %a 

LL(k) -1 ‘babJl <iljJa]l ^^Ic. (Jj. ^^11 4 a jbll a CA ^a-lajti <1 j^_uj Jaa.V 
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:LL(1) 

:^lc. (_J£jolJ Ajjlgjll ^)JC. J)j-ajll (j^VI ^lAli-a 3 (_gic- 4j-ajjl_jaJI is^A -laiu 

first 4x-j)«a^,a\' _ ) 

^JJC. j-a^)ll ^^A j-a Cl)l.jLall (JjaL-Lu) l^J IjLU jl Q\A) ^^jSI Ajjlgjll J)j-a^)]l A 

cP4^' 

J Jjij jl 1 ~i~i^i^ i <ji VI jj-ajll (_ua^j first ■* jl j-a ^aCjll :4Jzx%a 

l(j\ ^Ig-ill lift Jj-lij _jA .laJj juait j-a 4jj£-a ^Igjll j-ajll first <Cj-a^ -all 

first(a)={a} 

:Jti* 


:4_iltil! ^c-ljall 


<s> -> a 

I b<x> 

I <x> 

<X> -> c 

I 8 

first(x)={c} 
first(s)={a, b, c} 


• [ *j 1 a ^ ic% 


follow <C. j-aa-all _ \ 

^ ^Udl ^Ig-ill JJC- j-a_>ll ajj^iLba ^gjlj (jl j£-aj C5 j 1I token 4-illgill jj-ajll <C-j-aa-a ^ 

U derivation JlSLil 
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:derivation sfULZVI 

j-aj j& S jl _^3 j) S j-a lifiOaj! 1 g-lie- Jj-^aLau ^p'J Ajjlgill jj>aj]l j-a aIjuaIui (_£I jA 

((■liljjll S^-i J^^311 ^jVI a-Sc-lill Aji ^1 tAjljull 

;A U-k %g 

lj^.1 j-a lAAatjj jl £- l lad x a j lijl j-a ^aijll ^^Jc. 4 *^j3lgill J)j-^)^ ^ >^*i j' Ac-j^^-all c3a j] 

t>ppj jl iHi jilj tokens ajjI^II jj-ajll 

:JH* 

<s> -> ... -> ... -> a b<x>c b<y>z 

: jl ^cjUjou jl I n^raj Ia^jc- 

C G follow(x), Z G follow(y) 

:Jti # 

<s> -> ... -> ... -> ab<xxy>z 

z g foliow(x) jl ^iiLuj jl Uj£aj Uiic. null J] jl j£aj <y> jl£ 131 
.ilk ^iiLi jl li£aj V U^jc (nullable) null J) Jjaoll aLIS <y> j£3 131 Uiu 

•4 Us. V a 


:liil jl£ 13] 


<s> -> ... -> ... -> <x><y><z> 


foliow(x) J) first(z) L-ajjiaj jl aLLouj li£aj Uiic. null jV <y> j^J 

nullable ^ j^i y 

lg *i«a (s) AjllaJI jiaij jl j£-a-all j-a ^ill Ajjlgill ^)JC. jj^ajll jj<a~> ^jiaj aia»lj Ac.j-a^-a ^^Aj 




2119292 UdU> 


FUT 


J-Lftjl 

ureI 


uxoJI 


IfJ 
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(jl iijW 1 - 1 JjSSI Ajjl^iS! jp J)j-aj]lj ■‘U^alik AC-vay o^A (jj ;J U-k %£ 

(s) ^-iSUJI l^_i3 Lu c$\ lg-La (JfLij (j! ^ilaiudj V UjV nullable u.uu l 

:JH* 


<z> -> <x><y> 

I a<xxf> 
<x>-> <y> 
lb 

<y> -> s 
I c 

<f> ->ab 
I c 


nullable(y) = true 
nullable(x) = true 
nullable(z) = true 
nullable(f) = false 


^l£ lil 

** ^ f- 


•U 1 0 


LLLuU 


\\ \ ij£^a-l LA—1C- 


U/fiat A aMJefl/A 

® £T 

2006 

lectur es_team @hotmail. com 


























LL(1) <uu)la 


:nullable j follow j first jjl 

<>AA ^jSJ oAiJj ^.Lajjljisk L-U^jjuJ— 

for each terminal symbol Z FIRST [Z] *- {Z} 

for each non-terminal symbol Z nullable[Y] false; f ollow [ z ] =(|) ; first[z]=(() 

while not stable //FIRST, FOLLOW, or nullable is changed in this iteration, 
for each production X Y 1 Y 2 ... Y k 

if Y k ... Y k are all nullable (or if k = 0) 
then nullable[X] true 

for each i from 1 to k, each j from i + 1 to k 

if Yi ... Yi_i are all nullable (or if i = 1) 
then FIRST [X] FIRST [X] U FIRST [YJ 
if Y 1+1 ... Y k are all nullable (or if i = k) 

then FOLLOW [YJ <- FOLLOW [YJ U FOLLOW [X] 
if Y i+1 ... Yj are all nullable (or if i + 1 = j) 
then FOLLOW [YJ <- FOLLOW [ YJ U FIRST [ Yj] 


•/-,/A-vV ^ 


f. & f. 

l^\ Ijj V) flSjX) V l*-a <ajLaiSI (jl j ^ 

Jxl£ iteration j [£j Jljia 


^aJ 4r.jjsy * ^Jc. Axaiu V Ig-iV nullable Al^Ls ‘V^b^l <• -ij£j (j! li(i£uaJ (jl£ ^ 

follow nullable ^ V] A*iu V first <^b^j 

follow j nullable ^ a*2*j 

AaIxL) 4_lajj .jaj (jl ^ 

nullable ^ derivation cAliULiVI aJ ajIaj • 
nullable derivation cjlSlSLiVI a=J 'aJ^j • 
nullable j&> derivation AAtaliliV! aJ <. L^iia • 
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:Jtl* 

-.aA'CiW 


Z—>d 

Y^e 

X^Y 


Z^XYZ 
Y^c 
X —> a 


(Jii-aj^^till L-UJjall (j3J ^aJJ (JjjaJill (jl --■>■3 ‘LLIjoJI 4-Lajjl j,SJ' .Iiii'i AiCj 



nullable 

first 

follow 

X 

4 

yes 

b 5 

a c 

a y d y c y 


2 

3 

10 TTO TO 

Y 

yes 

C 

a d c 

Z 

no 

oc 

p-_ 

O 

<l 



(_]jl-s'iH (JjAak 5.Laij) (_J^I (j-a ^J&lLall j AjsjjjjJJ (j-a Ijl AjV — 

A J juJjoJ I (Ja -Ij-laj Aijjla (_£I l(Jjua^LuJl J-ajaul fifSt J IHlllsblC ^>J^La AjLjjjjJJ (jVI ^jiljJJ — 

<LuLoj ^UJI first ^Uj] j V nullable 

^ nullable 

nullable l$K 4 jjI$j jjc. j^aj q * <jjLa y dul£ I j] nullable(y) = true jj£j 

: first^a-uojj 

first(Xy) = first(X) if X is not nullable 

= first(X) u first(y) if X is nullable 

llj£i-aJ (jjUl (JliLait -iC-lyi (j-a I (Jl!La 

first(XYZ) = first(X) u first(YZ) 

= first(X) u first(Y) u first(Z) 

nullable y>Y j X (> jV Sij 

f f ^ 5 s 

4-jjlg-ill AjXaC-lj ^)JC. jj-a^l sjJajuol Itjli 
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X .ij-aC. (J£ ^gij X ^)JajaJI o^c-laS! e^A i- SLU^ra'i X ^ y C-iC-lii (J£ (j-a . X 

# f 

T ^j-a& i3jX jkuJl ^ L-bjl aj\c.li]l o^a L-LbJaj nullable ^ y ciul£ lilj first(y) 

.. .. g. 

f0ll0W(X) ^5-ajjj 

aIuAjoi JauuI nullable j first <*-ujjj] Ua Iwk' Uji :4Ja*,Xa 


I Qj£j JjjtjaJI (Jlilall ^33 



a 

c 

d 

X 

X ^ Y 

X -»a 

X ^ Y 

X -> Y 

Y 

Y^ £ 

Y ^ c 

Y -> £ 

Y ^ £ 

Z 

Z ^ XYZ 

Z ^ XYZ 

Z^d 

Z -> XYZ 


•/-,/A-vV a 


l^nlalu ^ajSj .Isljj V ^g-jsu CliljliJI ^ 

Jiiij (jl e^c-ts (_$I IjjV) <j-ia-alc. (jl 4jli. (jlij-ic-ta (j] ^ 

IgJ LL(1) J-tU-d (Jj-la* ^boj) (j^-aJ LL(1) dluul lg_il (jjjlA (j-a 

(J£ ^gA aA-aC-Sh ^ j t^3Jj (jjjjlgj (jjj-aj Jj-ac- ^jo)l (JjAJJ LL(2) <]l-2k ^ ^ 

(jjjjlgj 4_j£ua-all 

:LL(1) J) LL(1) ■ac'tjS cA 4 ^' JsIuiaII <jlaxj 

S-> if E then S else S 
I if E then S 

A^a Lk (jjj^C-laH (jjj c£ljLbau>J! S-iC-ts (^iajAj A !£.juLall oAA l 

S -> if E then S S 2 
S 9 -» else S 
I 8 

'. Ajjtuull *♦* 
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X -> c^X' 

X -> X y 2 

._k X -> a 2 X' 

X -> a. 

* 1 - ^ X' ^ Yl X' 

X^a 2 J 

X' y 2 X' 
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:4_alfr 4 JIa 


E -> E±T 
I T 

E ^TE 2 

e 2 ^±te 2 

I 8 


:Jti* 


ibjJjJtS' (j-a Jju 


>UaiVl M** 

^jIj (J£ ^ token ^^Ic. switch bLLoiij ^ rVnwn ^jl Ui f L a j JjSv'i" Jj^. q *— 
(JjkjJI Jj^ yb ^i>a <iU.) UaaJI ^jij switch -S' <^UJ! default ^a— 

:fUa^V' AaSU- 4 J^jja 

# # 

1 IrS 4_5 Lujj bc-bia .lu fj_j2 J-iSaJiS' L_fllajj 

(JjlaliS' Ajutlaj ^ la. a« alS' bSjb--aj Uaa. aILujj Ac-bla ^ 

M iiA *iia 

m $■ ^ 

compiler ^ ILk djj^. code -S' aaSjj t_ilii] bub 

:UaaJ' 

Aib-tfaV' Jjjjla (jC- j' L Jjjjia ' bS.S' ^- 1 ^-k-tfaJ 1'nfLa.j 

: JHa 

:s^c.USI jj^.j j£jj 'Ti^j expression j^bS' ^c.'jS ^j^>Sb 


f -> id I num 1(E) 
void f(){ 


• (■ -JL& (j' ' n <AJ f £_jlj bj\j£ JUail 


H) 


2119292 <Ju\A 


FUT 


J-Lftjl 

ureI 


uiojl 


H) 
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switch token.type{ 

case ID: case num: return true; 

case LPAR: /*some necessary code*/ return true; 

default: /*print error message*/ 

} 

return true; 

} 

LuAajjSl A3 (jj£j lijl La£ Uaa. AiLaj lpar jl nUDl id (j-a ^ AaJ V LaAiC- 

(jj AjJj JaC- £jtHl I.AA . 11 > > 1 J (_£,a 5I t—lLH £jtil ^>jSJ UJ"^ Asu Ja£jj id Aj 2 lj 

true <xukiJ f £jtil oAlc-j l- n>>n 1 IrS Ajsl^j ILaal jxAi 

^ xjjj token (_k^aj tokens oe.jyl <11^ l. luAaj Luli ^.flAaJlj ?rj-> IaajI Ia] 

Uiajjj Uajc. follow(f) 

:uflAaJl jl AiLdVLi Its-vtj ^ 4JjlLa 

eAj-la. AiLkAaV jlajAaiS ^-L^aaxil ■‘Caujj LLxi. ( _ s -lc. (J > ^-i*s j AS LuV V AS AiLaaVLi ^ xaallll 

# f f 

^illj LilaC- IgJ AjSlj V 4_laA_j]l g. Lla.-vL/1 (ja jj^Ja L-lJjuiJ Laa i ... Ia£Aj 11»A \1 11& 

ijp 111 token SaIc.] >. _ iH>"n A^LAaVLi ^ ^ ^jl AilAaL/Lj Iaa t^L I 1 Its \\ AJIjl 

L_aia]l 4 jc-Ij3 


6 a/lfo//e6 
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JjLflji. 

ureI 
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H) 




























r7W***\^ 


LRoiyb 


:LL(1) £* LR 

(left most derivation) jjkl J) jUk' <> jcIjSSI d+k US LL(1) 
(right most derivation) jlk' J) jjk! ^cIjSII (_*k Ua knj- 
Aijlk tokens kc.j^a t5 lc. d-*-^ U^c.j stack tokens -1! ^jiU kl J- 


kjkU Adl ok (J'■ ^n*>iU kli Ilk oJ^akjkl ^c-ljall ii^i kjk 


kLtLdl o-ic-lill 


X t3t4 
Y ^ t 2 Xt 6 
S ->t{Y 



"\ 





t4 


Reduce 
> -► 



t6 

t3 

> 


X 

Shift 

X 

t2 


t2 

-► 

t2 

tl 


tl 


tl 


:Jth 

iklUll Uj.ll (jl (^iajijl 


11 t 2 t3t4t6 : <jr* ck-d' kL jjlj 


Reduce 

>-► 






Y 


Reduce 



ti 



S 


tkV ajjuj|jaj ^jibj djk Jjaj U>jUjl (reduce, shift) aJULUI kjb^' -'^Xi 
t * s: .* 

i_kk aIuAjuj Ajtgj Aic. Ijj U^c-lji 4 ^ ^ L^» \_g_jl (_kUl ciilj^La aIuAjuj ^jc. (JjU— 

(S) ^141 >J Jc. 

^gic-ki dkVl (j-« IgJsUjj jU kla Ua djlkll kjj lij Ufi kkf— 
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t3 U 


0. S'->S$ 

1. s -*s^s 

2. S -> id 2= E 

3. S —+print J_ L_) 

4. E -»id 

5. E —> num 

6. E —* E ±E 

7. E -> IS* 

8 . L ^E 

9. L —*■ L_,_E 


t^^gic-LU (JiulVI (j-a ojjla. aSI 5.ljj jaJJ 

LR cJ jlVl (Jj-la. Aa 1*J LR i_)L-a jia ili 


:LR 

lilljA^ La ■‘LijjLaJ LR (J.(JjAa. ^glc. 1'Aj^tlSl Lui (jVI (jaajiil 
I La ^jVI jfljJj 1^-ujjaLjj I La $. LLiL/ <4-ajjl^k 

Ajt-a (J-aLtiil Lllj 

:Jtl* 

IujaS (jl (^iajLiS 


I^^gA (_J^a5! AIuAjuj (j! 

a := 7; 

b : = C +(d : = s+6 , d) 

<jLaC- jiJ ^jLj Jjju ^aJ (jj-ajll jLoull qa lA-llill) c. nulaJ' ^>jLJ (d := S+6 , d) ojLud! (jj -ft-* 
C++ (JL-a 4-a-ajj]l CllLd ^gLa. Jj^Lj-a p^-Lill ILAj L^ali Igjfl oJj 2 kj-a 

:for L! <iL. L.ii£j La-lic. Lo£ lg_J ^-ajojj ^glill 

for( int i=l; j=2; i<10; z++, /--) 

fijji-LM 4-L^ali]' Jxj oJjikj-dl 4_iLajdl ^j-a ejlx-d! ■‘Lojdl (jx -liiiijuij V LiA LuSLj 

; (JLoill Jc. JjLciII (jj^jiuj LiA 


: Jj4aJl J JAJ 
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Social1 ^jlaull ^jsSLaS' <*a LS Ic. j^lic. o^c. reduce <A<uu ^a :rl ♦♦♦ 

jJC. Jij-a^lj cAaC-VI (_^3 gOtO 1 (^j 4_k^aLiJ' 

IgJ <_l&3j (jl (__ia-J iilS3 .lau ^AajlgjS' 

2 <SU-ii l_i& 3I goto :g2 ♦♦♦ 
cJ^-dl <Laia: Jji :a ♦$♦ 

? 

Aa.\idl actions -S' 13] 
Shift(s), Reduce(r), Goto(g), Accept(a) 
Aj V <_s31'j aIoIuj Jjja L? I& Jjj 1$jV $ j ^UJ' V] accept ^ V :4Ja±%a 

($ Jjjj J^-d' * — fl.La plglijl JUC- V] 
I djA^J' (jlgj AjlatHuiV Ij JjjLail' 2^.2' .Aiiil (jV'j 

•z-./A-v V a 


































c 


compiler 


QE) 


Lectures 

Team 

2006 





1 


4 

id 

1 


6 

; — 

4 

id 

1 


10 

num 

6 

; — 

4 

id 

1 


I 


I 


a:= 7;... 


IglaJ-lj La Jlijjj (JjJlaJI 3° Ajjuillall AjLkJI 3! 3=*^ SjJsuk ^3— 

^al(Jjjjoi^a a e-Luajj (Jaj <3 tokdl -5! £-a AlLaJI ^3 j 1 push 4-lLaa .) ^jjlui— 

c3/Ull 

-LiSLaJI aJLsJI Lajk 1 ^^al! A-a3— 

:lSjkkl! 

a -= 7- 

:uc. l^j aIUJI qa taj Uft 1 tokens stack 3 3 $!^ 

Jj-ajdlj 1 ^a3j ^)L», n\l lAAic. 2^,3 3 ® ^ld^U 33 ^ 

4 aJL 3 shift -j 3*2 Uj! 3 s 4 3*3 id j 

:2 g^jl 

33^ jjjfLiS (Ja.3 (_^3 ! = 33^ 4 ^3j aJUJI ^A AdtaJI aJ13I 

6a]LsJ1 i_iAjjj shift j 3 ^ Lul 3 s6 233' 3 * JjliLdl 

:3oj)3-)'*dl 

343 2 ^-dl 3 (num) 7 331 li 3 j 6 a!L3I 3 * aJUJI aJUJI 

4 -lALjj shift -J j 31 3 slO jA 3® JjlLall 33' 

IOaJUI] 

•4~3^ A 

>31 343 ^gi $ >31 li3j 10 'LSL^JI ^a aJ'-^I' aJUJ' 
3j reduce j 3*2 U4 3 (E —> num) r5 ja Jj^aJ' 3 Jjlid' 

5^a3j fi.lC.la]! 

^jLaj 3 pop ajLwu 3 L : reduce j ft^I! 4 j]T 

LuL/ 5 ja3j ®-^ c -'^]' 3° 3'-—" <33 L VJ^3' L-lajJa 

^,jiiJ AJLa>. ^3j j' 3° Ja^alisdl fi 3 .lad 31 (Jjjjaaj *3® <3 <3 

3) 3^4^ lijli aJ 3JI ^a3j (3 3" J '3' <3^ -37^3' >3' AiL-kaL Ia.i*-j 

AiL-iaVL (a.lc.la]l 3 ® yjjLuii]' <33' <3 Jj 2 kj-a]l 33^) A-a3 3] oljjjJal ^Ll! .Ij.l3' 3*3' 


I 

a:= 7;... 


I 


a:= 7;... 
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jJailuj LjV gOtO A xuLlj Lila. l" na. (Jj-lai] (Jsliij j La Loll Aiialj A_lLaJI ^a3j ^gJI 

A_i3 Ajjlgjl! jJC- j^a^JL (j^aLaJI <iJaJI 

A_*^aLaJI AjlaJI ^gJI v__A.L ^aJ E Ig-La (J.1j ^jJajj 4_aS (j-a nUIH J 10 aJL)\_s ^ajL La Ljl 

1 1 A^LiaL ^ajilS 1 1 < _ ? A A-dLSI aJLJI (jl gLiluij liA (j-a g 1 1 L E jj-ajdlj 6 ^2j all J 

(jjj£-a]l A*a2 
;5‘ojLi'sll 



11 

E 

6 

; — 

4 

id 

1 


2 

S 

1 


3 


2 

S 

1 


i 


a:= 7;... 


I 


a:= 7:.., 


I 


a:= 7;... 


J)-aj jjj'n ^gi $ LjaIj 1 1 ^Sj A1L2I ^A A_l1LsJI aJLLI 

_jA (JjAaJI ^j-a (JjILLI j^^JI (aLc. shift -} ^2 LiV 

2^j s^c-Ull c3aj reduce _? ^jiL Lit J (S —> id := E) r2 
J jiall ^aJ S ^-la J.1 j £jJa3j (jjjj£-2l A-a3 (j-a jj^aLc. 6 "-..S j.aj ^ajiiS 

W'll Jj.laJI ^gJI (JailliS 1 jA (_£.2 Ij lg-La (Jiuil j_^aj-2l aJLJI S 

^ejj.laJI AllaJI ^aSj^ 2 A^aS Jc. t_q n >i'i Lll <_£ I g2 

:6oj;L>a 11 

L-aj jj»'i i ^2j (JkaJI ^gi i 2-i^l LjLj 2 ^3j ^ULaJI ^_gA A2LaJI AJI_aJI 
jA (Jj-laJI (j-a (JjILLI j^JI (jjfLs (a_2c. shift -J ^2 LiV (J^.21 

3 j ; (> shift j Ljl s 3 

jijLa-21 JLil! La£ 

... I .La £jLj j 

r I Li AI (JiLaj 2j.laJI ^ Acjlall CliLLaJI (jj ;4 U-\ 
(Jj-laJL AjLLuj'JL juilLI Aj-ajjljiv^ (JjLaiill Aj^jjljia. JJ\ O^L2 

(2jjL2l 

1 ^aSjll ^3 ( xjJaj (jl i_iaj Aj-ajjIji2l e La .*1 i9*n Jj3 /A2ia M>a 

)(J j\Vl\l A_iaJ)jl^a. 

<jjoj£-2l A-a3 ^gic. AJlaJI ^aSj ^A C[ j (J^2! (j-a ^gJLJI t (j^2 ^ ) 

i^A t (j jL,,i\l (jl^ LI 
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push(t) :S(n) .a 

push(n) 
t = nextToken() 
goto 2 

2 -J k O-iC-llA jj-aj'il jj-aj -i-lxJ pOp tR(k) .b 

k o^C-taiS j*a^l X. (jAA 


g(y) JiawaS (Jj.laAI ^j-a X .ij-ajdlj C[2 ^ajuA] _jAaij 

push(x) 

push(y) 

^IsJu JAajAl LS $±*\ :a .c 

Ikk :£jli .d 

(_ya 2 j^aA! jiAjj 

■‘tajxjJa LR( 0 ) AijjAAl jli cAJAS IaA ^La^AJ V LiAA LR( 0 ) <Jj.ia. -^-Ajj u]— 
^ajkj jl 4 A ^2 jjjoijj ^JtAI j-ajJI ^AI^Huus ^LabU jAa LR( 1 ) 1 xi 11 'j LR( 1 ) -1 (j^l^l 

(j-a A .La x a (jj-iJ AaflS Ajjjjj 

^^AaoiAl CllLajJjVI A-lAljj (JjjaAll (Jj.la. Ajc. 0 jjj -j-aLa. CllLajJjl 5 . Lll) ^>jAj (jl v-_Laj— 

fill 

r^AtAI JIAAI ^j-a diLajjjV^ IAa ^.Lij A_Al ^Aj ^jAA 


0 . S'-*S$ 

1. S->±_L1 

2 . S —> x 

3 . L^S 

4 . L —> L_l S 


’. LaJ jAj CllLaJjjV 1 £ UA 

(S S $) 1 ^Aj e-lC-lAllj ■4_k^ala. AJLa. £jJajJ ^»jAj . 'S 

^ic- (JjU <iaAAI (jl A ^ £-a (S .S $ ) ^ j ■"jl' cJajAAl (_g-lc. eJjaLj-AI S (JjA <laaj £jJaj . Y 

o^C-tall jj^ajJa ■4_AI LAj-iaj (_£AI jl£-AI 
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^)jc. jj-ajllj Ijij j^L dllij l*jk. (jjLlc.)) closure 

t-'au >■! ^j]| oJuAaJI JlC-ljall (j-a ^11^11 oL& (jxjJa IgJtjJajj 4-lali IgJjfl 

(_$\ AlliiJt (j-ajJa S -ic-ljij ^jJaj JjjLoill lillila ls ^) j9'n>n aJI^JI ^glc. 

5 - £ 

aJI^JI <j^QjJa 1 jJajI fi.lc.ljii £jJajJ liakl ^)4C- j-aj X (jl£ jlj S .X j S ~^.(L) 

(J> 


4Jla>. <iLuijj J4C. ji ^jlgj 3^?J LkA*Jj 4_iaaj lg-i2 ^^lll .Ic-ljall (_J£ .li-Li La 4JLa. (J^.1 (j-a ^ajkj • £ 

^jJajj (fi.lJ.liJl 4JLiJlj 4 a v V41 <JLiJl (jjj 4 \l^ij\1 ^Jc. j-aj]l ILa £jJajj^ .La alC-liS (_j£J fi.lj.ii. 

'(" 4uic. xaj 4 Jajjja 4Jli. g .LLjj LLLa^ jjjJl lilA Jlatol 4 Wa'iU LLjaCi ( x_a l^a3 elc-taJl aiiA 

3 ajlaLjl (J J.iLi'i ^aJ (Ig-jS S ^ (.L) <*-Lajj 


4j 4_ijl^j]l LliVl^ll ^^Jc. *—jLa_jjjVl J a "' ‘ "J l.l£&j 

0.1c. LUl ^9 Llljj^aj (jl^-a ( _g-lc. 4JV-i L>aa (_)j token CliuaJj Cliuul 4 Wa'ill ;4 U*. 

^ t _^JLlS\ (J£LuJ 1 ^ 4 <UliJl) S' 4 S.$ e-lC-taJl ^^Jc. 4 JI 2 JI ^j-a (J-a£j L/ ellc- .'^JlSL^Li 

^jli (J£jolj ojjikj-a (S' S$.) 1-&J ■Ljltill aJL^JI (jl ^>fLu UjV 
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J-Lftjl 

ureI 
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2^UI 


1 UaJ! 



&Jhzt 6 a/ljb//s6 
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2119292 <Ju\A 



FUT 


J-Lftjl 

ureI 


uxoJI 


































w/v/t"^ LR (iadylaJI 

Aijjiallj JjL2a]I (Jj-Ia- '^ a ;_yjuiiui CjLajJjSM LiL-^ajJ .13 AiLaill ojjJal lj£ 

ojjJaL^. ollgj Aijjia LR 

[CjLajJjVl (ja (Jilaal! (jliiLl! 4jLj^)la 


2 *laJ! 1 <!UJ! 



t .1C- IjaJI (_jaJ (j -0 JjAuJl CllLajjjbU LLajJ -13 AjjjLaill ajjJal ~n *i\ 1 la£ 

0. S'-+S$ 

1. S —> (L) 

2. S^x 

3. L->S 

4. L —+ L, S 
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ICliLajjjVL ^ I L-buoa. 4A.m."n — 

LS^ JP- >J 


g5 L 3j-ajdlj 3 _j3ajaJI ( ^3 A-j>^ aj lA-lic. 


S2 £-jJa3 X 3j-a*Jb 1 ^)Jaju3l ^3 ^jJaJ lA-lic- 



lliid ,*jl£ LI • 

** W £ 


:liid ,-jl£ LI • 


(Jjj 3 Ig-jV cl 4 <ajq\l $ Jj-ajdlj lA^lajoj ^3 ( AjJaj .$ IgjS e-lC-ls ^^ic. ^gdl *ULaJI • 

till L\\ \ 

^ajic-li Ajlgj ^ 4_Lkj) s x. LS ic. isy^ dL*- reduce <J^I lh» • 

s -> x o^c-liU (JjlLdl ^jJL reduce ($ djlLaJI S-i-ac-VI ^j<a~>j Ia^Iujj 

^ g Jj^lj da I3 Aj ^)JC. juoII (J^.1 (j-a V] g ^-ciaj V liil J=l 2>.V *}La 

■laSS (Jj-I^JI ^ AjjlgjJI ^)JC. ALlid! o-l-aC-Vl 

l^Jtdl LS-d" J > JjjLdl tjl!ldl (_J^I (j-a 



( 

) 

X 

, 

s 

s 

L 

] 

s3 


s2 





2 

rl 

rl 

rl 

r2 

r2 



3 

s3 


s2 



g? 

gS 

4 





a 



5 


s6 


s8 




6 

rl 

rl 

rl 

rl 

rl 



7 

r3 

r3 

r3 

r3 

r3 



8 

&3 


s2 



g9 


9 

t4 

r4 

r4 

r4 

f4 




Ig ~i<a ''nils'll ^dl Ac-ljlll (jj^j * A^lj dad (JjAaJI lAA djljld. ^j-a Ailiv ^3 IajaI (jl£ Lj .'4 /t’OLj 

CjU d ‘ d^ Ijjli ^djliJI (J-a3J ,^3 (j.n.aj~3 c_jjl_iJaj 3 ‘ ^ Lj Vjj cLR(O) 3c.lj3 ^A 

SLR (^gA c_Jjl jJaldl (j-a Lbls JoAaSl 4_Lajjl^is- j_g.lJ.lad 

djl l iai£j La Idle- c^b LR(1) (j-a LS ijj I g - ' i ^ lj LR(O) (j-a SLR <j) :4Jz±5L> 

4_a-<^J Aid 
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:SLR 

SLR i _ s A 4-SJjLI lAAic. J;LMI (Jj^i (Jliljli. Ji^.1 ^ (jiajlsu f'^-v |jj 

Ig-La-J ^»jii SLR Ailik (_gL- Jlila ^.LIj 


0 . S-+E$ 

1 . E —* T±E 

2 . E-> T 

3 . T^x 


- Jiaull (Jj-^j o-lg-J (_^£alaJI CllLajJjV^ glilimj 
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r2 s4,r2 r2 


4 

s5 

g6 g3 

5 

r3 r3 r3 


6 

rl rl rl 



Aj^la 4 Altai 1 ^gJj 3 Altai 1 (j-a xa lij.ll <jl Uu2 !+ .Ij-aallj 3 Allall Aic. q^sj\ju Jjaj JaaV ~ 

(jx .lllla 3 e.lc.tall (jjuJa E —^ T. tii.ll ^jl LaJj 4+ .IjasJIj 3 jt~“4' ^3 s4 Jja^j (j-a 

+ Jj-ajiilj 3 (2 s^c-lal! E ->X 0 . 1 c.tall) r2 

liljjjj + .Ij-ajdlj 3 jiajoill ,_j-a Allall o3a ^gi T J-.S.'laia T ^gic. S 1 .' ilxj lii^aj A !£.tu.all sAA (Jal — 
J! i—Sj*- 1 -! iia ^tall lilti-a ^^3 jA La£ ^ja - «a (JaJl 13 a Qj£j dlVtall AiJtc. ^gi) s4 

^c-ljall jjJu J-JaaVl t_Ul! (jilj (^jLj jSLii aaIII ti _k. compiler 


Jj-iall reduce AiLjal Aijjia ^glc. <._kiila Jjiixjj ^jai SLR ^l^ynuli a K>tu\ll <>1 ia Jal - 

<_j-iatall jiajaill ^^3 S X S-lC-tall ^3j r A-‘ iaij S X. (_glc. (_£jJaj 4Jtall .lati ‘ “ 

<- iaia $ jA follow(E) 13a tillla ^ia tJLaa follow(S) ^1 LS ^±n ^1 oa^&VIj AllaJ1 o3$j 


3 jkuJl (j-a JLaaa $ .lj-a*Jl ^ r2 ^j-iai 

:LR(1) ^jjl 

IjA t^ajjuij (jl lilllll LR(0) iJU .la. ^glj AjJjJ 

Abstract Syntax Vj?-d' J4^' s 

Jjlaull ^jla .Ic-ljill (Jilaiill a^aii Altai Igjlc. (Jjj-aall Ajjj ^^jll JjlVill a^aii - 
CIiLAasJI CllLiLjaalj (jjjljiiVl (J^Ltia liiiai Jilaj o^a-au ^glc. Jjj-aall .liji - 

fi. & 

5 .LuiiV tijJajJaJ (jt^ La-a AaLajAll Alila ^)£ljtlllj Ajilai t_LujljaJl (jV SjaCu -ll_ji V li£ LaJ.13 - 


ls J=li^j 11 JAaill Jtl21 ^ J12 J\ dji V tikajj code J1 ^c- o^a'j Aauojaj compiler 

(_j£ j_£1jj 1 AiL^aVlj Halj cJlla Code -11 (J>jt£ (.Jim] ^jt£ La-a t^Jjlaiill oja_iai (Jj-a) 

tiA JaLaiVl (j-a ^jiaiill Ajti^l jiajJai ti£ Cilia, ■‘daj-all allA ^-a Jilalill Alaj-a ^^gJj ^^illl (_]alj-all 


(!! ditaix^a one. J] Oaljll action -1' ^aa Jj^»j ^a) cP4^' Code -1' Ailjj tillii£j 
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dla uia Sdu Compiler f-Ldlj lil ^a.m La-a <*Jja <■ - u.i'ja ljj.ll ^ n^il Lilia. Lajjj — 

a*j J;2aLll s>aui pLliL Liua modules J) compiler -1! US ^-a^j code -1' Jc- 

('jj? - ‘“S' eld >1*J j! (JjS dll nwiViH jjdatJJ Jalj-all ^ilil ^)jd ^^lllj (Jjlajll 4iaj-a 

;dja_aJl JjlVill Sja_Lu 

AjjljjSI jj-a^Sl (jj-ij (_^l) end j begin jl <jdj§VI jijd d£S 4-*il! .ic.lja JjiaL sjd (jdj (^a— 

(odlLall ^)JC. 

(l+2)*3 : Jllal! Jal <> LLLa- 


E * 


E 



3 



1 2 

oJ^a-all Jjldll 

(syntactic sugar uj^j) 


1 2 
4 jtlll ^c-lj 3 (Jjld o^ad 

(jl i _ !■>> i aJja-all d-iiaJ.ill ‘o^ad a- lij ^.iL'i-d ^iaj Lu 3j ^jlg_s j>aj (J^S (jli ' La£ ;4U-\ 

Ida £jtillj £_jIj (JS LL ^ lilLa) l^C.jl AildaVU LajS Idajl Ajjl^_ill ^)JC. jj-ajll (_)*a_i 

(void (*^ljj Ld.il d.jj Vj node d*j (cPW^ jd- j-i)S cbla-a 

: Jlla£ expression LdUl :Jlla 
qjh plij^VI (j-a (_Jdj Aajlj c-UaC-lj ^daL^ll IL& l_iL> aa j LL dLd!_)a.j <■ . ii£d da 

Ld-ljill (j<a j£lall 


E -> T + E 
I T 
F*T 
I F 
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F -> num 

I (E) 


int F() 

{ 

Token t=lex.netToken(); 

Switch(t.type){ 

NUM: 

return Integer.parselnt(t.value); 
LPAR: 

temp=E(); 
t=lex .nextT oken(); 
if (t.type==RPAR) 
return temp; 

else 


:LL (jjWjtj c- n^im 


return -oo; //Uaa. 

} 

} 

int E() 

{ 

int templ=T(); 

Token t=lex.nextToken(); 
If(t.type!=PLUS) 

{ 

lex.unget(); 
return tempi; 

} 

else 

{ 

int temp2=E(); 
return templ+ temp2; 

} 

} 
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t w<\j -oo Loul L$jl o£h]l temp2 jl temp 1 <^lc. Jjja tbic. UfL. r?tia*2La 

3-»j > nfll ! lillj (. - JQ^j ^aJ 

^)jc- l£ (J*?~ 'J node 4-mll e_s^a_j a-j~s {JjjaHll S^ajui 

node (j -a (U. 

js 

La£ ^l!La t class node (j-« ^_l^u 1 t^j— 

abstract 
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£jts j node 




node (j-a (J^ajC. AlxJ (Lu2l JJC- j-a^ ^jti]l) 
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jjaj aJ V (value <1 o^) function J call expList :4£*X» 

:J^Lui Jlla 

if (a+b <c) 

{ 

a=2; 

for (i=l;i<=10;i++) 
x=x+l 

} 
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E -> T + E 
I T 

T^ F*T 
I F 

F -> num 
I id 
I (E) 


:exv JLL 


private ExpNode F(){ 

Token t=lex.nextToken(); 

switch(t.type){ 

case ID: 

return new IdNode(t.value); 
case NUM: 

return new NumNode(Integer.parseInt(t.value)); 
case FPAR: 

expNode e=E(); 
t. lext. nextT oken(); 
if (t.type == RPAR) 
return e; 

else 


error 

} 

} 

private ExpNode T(){ 

ExpNode el=F(); 

Token t=lex.nextToken(); 
if (t.type==STAR){ 

ExpNode e2=T(); 

return BinOpNode(el,e2,"*"); 

} 

else{ 

lex.unget(); 



















return el; 
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} 

} 

:javacc ^ parser el&j ^c-aljjj Cy^ I ^Liil LjojI i_i£j jl jIaj 

S -> if (E) S return new ifStatNode(el,sl,null) // S O si , E O el 

I if (E) S else S return new ifStatNode(el,sl,null) // S <=> sl,S O s2,E O el 
S -> 1SL1 

SL -> S;SL return new statListNode(s,m) // S O s , SL O m 
I 8 

Semantic analysis JVii 

LilV-i 4_^_k^a (j-a ^l - ' 

& f. 

bool o* a ejjl£ El Java yi <c.ji«-a a = 2 ^liaa JaLuVI 

yJV2l <ajL2l Ejli yJV2l J 

iaLajVI JjjUaJ (j-a -i£t±jj Jij-a^l ^ a (jC- .21 (JjiaJill ^ C.1A..L1 

I ia-aill a = (int) b + (float) C ' j-ll»-2l .luu i— l;a. jjjI* 2I .LEui 1 -jl.ma.J ^ajij Ijji La2 

float j& b j a (^gEiAj 

a=2 -J ■‘C^aliJI ‘fj'S ^1 (j-a ^V-21 (jialJlj (jl Ujl — 



a Jj^lail (_p jj-ajil Jj. 1 ^. ^ C‘ \-\\\ • 
a <aj*-2 findtype ,*-221 • 

java <Jjji-a JJC. Lajjj C++ ^ EljJia int=float ^E-aa <illl L-Luaa. jjjUa2l jiiSJi • 


Public string findtype(ExpNode e) 


:findtype ^jIjJI cp Jlla 
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If (e instanceof NumNode) 

//return depends on the value (real, integer) 


} 


: symbol table 

eiiljjl ^aI l>° — 

la-aj (“ (Jj^Lo - Cl• 
5 .Uajujjll ■‘Lajla tejla-all AAidl la-aj JjcCLa • 

inner) ajI=J:i]I eJjL^JI t^jljjll A^jli :class • 

(class 

JS 

Aj jj-aj Jj-^- ClaSS (jj^ IJlc- - 

S 5 

(Jilaal' UjaS jj£jj Ajliu Iajuc. sasJj a^joixj q c. S;tjc. compiler l-a-iic. - 

parser <*-* a^a* code -II aJjjj 

^l*JI Jij-ajll (JjA^ ^Lijlj IaaIc. compiler -11 A-a-mx ^j-a jj£I -^j^j cJI-^ Laiu— 
(f*j a^UJI functions j fields j classes ^ t-ijsullj a^UJI a^lJI 

A_j3 (_£a!I (jl£-all L-Luoa. AAa eJiAadlj Jij-ajll (JIjAa. ( _ s -lc. AiLAaVlj ^jAJ A-jjlull A^joiaII ^3j 

eiiLajl*-dl (jAa*-j jl statements jj^l ^ Iaajc. ^lujaj jia) ^ ->.>l ^ I 

(J^l 4-^ 
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jj-ajll hash table sale. J-ojujujj - 

LhdA^M 

C^iy^iA • 

Clul Jj • 
(H'jJ • 

c_J3jL^a • 

pascal yi type J C++ yi typedef j* IS (type) ^ • 

diLiLac. tj^.1 ^j-a value u3^ -3ij W+j^ cjj^ 1 l 3 cd?^ Cy* ' j .*4 

# ; # 

(bja iajj luV Jjp-id' ^ Cajill Lua. lijic. interpreter yi Uiu) optimization 

tiilj Ailll Cul£ 13] labels LS lc. jj-ajll Jja^ lsJ^. ^ 



int type; 


int type; 
String value; 


list of symbols; //arguments list of symbols; //fields 
int type; //return type list of symbols; //methods 


Ju^l! jl ^lal! jl J^ld! ^aajo ' string t> jjAjfl y3 symbol uj^+ _ 

symbol Jl 13 a jc. cjLjk* Jc. Binding ^ <> object J] ••• J 

((Jj^Jla 3l!La) ^Ic. j> ^jc. QjSjj - 
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Symbol 



VarBinding 


:HashTable J 



-LuJj “ 


Jsymbol il index ^ symbol Jb oaUJI string <v?^ 

# 

index J' 4 JALJI List Lub i ^ 

jl£ bj A iL a\\ dlVjaJlallj LalaJI 1 _sulsu ‘jjj-a ^Ssii list 4_jIaj ^^3 AibiaVI (jl h*sV ~ 

(jli ^laJI (Jj^IaSI .Isu list ‘daLiJal L a]I (jV ^ajaiV I IgJ 

jjjadj ^gLi dl (Jj^Jlall L. nmn>i La-a lgIL)l.lJ (j-a list ^-uxaI IjJjflJjuj (Jj^LaJI ^jc. ali^_l]l 

^IxJI (J_£aJla]l 


:Code 

class Symbol { 

String key; 

Binding binding; 

Symbol next; 

public symbol(String k, binding b, symbol n) 
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key=k; 

binding=b; 


next=n; 


} 

} //class Symbol 


class HashT { 
final int SIZE = 256; 

Symbol table[] = new Symbol[SIZE]; 

private int hash(String s) { 
int h=0; 

for (int i=0; i<s.length(); i++) 
h=h*65599+s.charAt(i); 

return h; 


void insert(String s, Binding b) { 
int index=hash(s)%SIZE 
table [index]=new Symbol(s ,b,table [index]); 

} 

Object lookup(String s) { 
int index=hash(s)%SIZE 

for (Binding b = table[index]; b!=null; b=b.next) 
if (s.equals(b.key)) return b.binding; 

return null; 

} 

void pop(String s) { 

int index=hash(s)%SIZE 
table [index] =table [index] .next; 

} 

} //class HashT 
class SymbolTable 
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HashT tab=new HashT(); 

Stack st=new Stack(); //stack of string 
void insert(String key, Binding b) 

{ 

tab.insert(key,b); 

st.push(key); 

} 

Binding lookup (String key) 

{ 

return tab.lookup(key); 

} 

void startScope() 

{ 

st.push(null); 

} 

void exitScopeO 

{ 

String s=st.pop(); 
while (s!=null) 

{ 

table.pop(s); 

s=st.pop(); 

} 

} 

}// class SymbolTable 

A dllj ClllilS LaLali ^1^11 IjlA - 

^Ic. symbol table J kal^Vlj function symbol table fjfc ja- 

<Axl\ classes j 
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‘ "■* e.|^Aj ^Ssjiall dllilSI a^A 

(j-a jj-aj -L<ia c-VI) jj-ajll Jj-ia. ^Ijp c_J-j diLuLtj] (J^.jj V i^4sV) ~ 

f. f. & f. 

^ IgUVi jUJM uj^j) (j-a jaflS (_£.}£. Ijil! ' ^jSj U ' ‘ ^ '' classbinding 

Class Binding 
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4_*J CliLoiIxli j^ajjaluj 


$t0, $tl, ... 

(Lu-Ilo jjc- Cli^La-Juj j 

lw $t0, v($tl) 
sw $t0, v($tl) 
add $t0, $tl, $t2 

($t0=$tl+$t2) 

sub $t0, $tl, $t2 

($t0=$tl-$t2) 

mul $t0, $tl, $t2 

($t0=$tl*$t2) 

div $t0, $tl, $t2 

($t0=$tl/$t2) 

ldi $t0, v 

load immediately (put v in register $t0) 

J label 

jump to label 

beq $t0, $tl, label 

branch if equal 

bne $t0, $tl, label 

branch if not equal 

bit $t0, $tl, label 

generate 

IIa 3 (Jjlaa]' "a^ja 1 *nq n.n Ijjli 

s^sdl <-u^j Generate ^j 1 


a .lad I aAA aliiL 4 1 ^il -s. \l 
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Abstract Generate 




*iIE£jif ^uiS liUiSj condition sjja^l generate *lc.iU ^ if ^ !>Ma- 

Jau-JI generate ^ uU^ if ^ else ^ generate 

# f 

jj£' JSalj exp Jl!La lilli ^ . >11 oJuajj (jc. Aajlil' Aiilg_il' 4_<uii' Ai3 

exp *iIE£j tff i»A}l! exp J cPW^' u' l> BinopExp J 


^ II (jLa AjjUaSI AiLixlli ^»jii (j! ^-daliuii oAiil) ^cjlj La^Jba (_J£ £jJaj <jjl Sjju ^aJ (_£jLuj-JI 



^iil JauuJI fuJ tdliSj Jc. <_ 5 j 1 ^j code Ja^j <> ai*j generate 

Ii—j'jaJI 4_i3 

class code{ 

public String code; 
public String reg; 

} 

4^q^jjou (ji (j^-aj ^-jlill (Jai ■ dl 1 jjl lac. I j ^aj^ii nextRegister y^jkjjui 

jljc. q c. ajUc. Aiij^aVl *AA (jj£j .333 *“"■« jjc- f^t -n. . .Jl j^c- ^jl Lujj liA llilla. t(jjja"i\\ 

j33 Aj>^ajij i"na j Cll^ta_uj SjEj ^Uai jj-a 3 j^ Ai.ia.aJ' ^3 (j^Jj Cll!J_a_uJ' (j-a J_JtiLa ^l£jl liiJaxJ 
Aili-a-allj Acjlill (. 1 i^k y juJI A3j*-a Aiil^a) ^gic. Aaj'aI' AlisLa^a]' £-a Ig-al AsJluolj (jl^-aV' 
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class ConstExp extends Exp 

{ 

private int val; 

//and all necessary fields and methods 
public Code Generate() 

{ 

Code c=new Code(); 

String r=nextRegister(); 
c.code="ldi" + r + + val; 

c.reg=r; 

return c; 

} 

} 

class BinopExp extends Exp 

{ 

private Exp left,right; 
private String op; 

public code generate() 

{ 

Code cl,c2; 

cl=left.generate(); 

c2=right.generate(); 

Code c3=new Code(); 

String i-nextRegister(); 

String r; 
switch (op) 

{ 

case v="add"; break; 
case v= "sub"; break; 
//add all cases of op 

} 



: constExp ^ generate 


:BinopExp ^ generate ^>*j 
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c3.code=cl.code+"\n"+c2.code+"\n"+v+r+","+cl.reg + + c2.reg; 

c3.reg=v; 

return c3; 

} 

} 

j C3 (jc. ^jl joJI ^1-lkj.mlj -—fijjadj JjjLoJI (JUdl 4 M\^L) 

Lo^_lq (J£ ^ A .Aikll Jju l_uV C2 jl cl ^^3 

Igja aSk, jj ^ generate IiL s^2i ^ jjjj ^til! Jlidl 2k 12 


ldi $t0, 1 
ldi $tl,2 
mul $t2, $t0,$tl 
ldi $t3, 5 
ldi $t4,7 
mul $t5, $t3,$t4 
add $t6, $t2, $t5 

V $t6 ^ 



value 41 = Uiu for cdliSj value 41 0-2 if Slia- 


pascal ^ U2 value 41 o-2 statements Jl jl U& o^j^ - 
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class IfStatement extends statement 




dfstatcmcnt ^ generate 


{ 

private Exp e; 

private Statement then ,else; 

//and all necessary fields and methods 
public Code generate() 

{ 

Code cl,c2,v3,c; 
cl=e.generate(); 
c2=then.generate(); 
c3=else.genereate(); 

String 11,12; 
ll=nextlabel(); 

12=nextlabel(); 

c.code=cl.code+"\n"+"beq"+cl.reg+",$zero,"+ll+"\n" 

+c2.code()+"\n"+"J"+12+"\n"+ll+":"+"\n"+c3.code+"\n"+12+":"; 

return c; 

} 

} 


{cl}//condition 
beq cl.reg, $zero, LI 
{c2}//then 
JL2 
LI: 

{c3}//else 

L2: 
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